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Abstract 

r~| \ Existing upper limits on variations in the photospheric radius of the Sun during the 

Oh' solar magnetic activity cycle are at a fractional amplitude of ~ 2 x 10~^. At that 

Q . level, the transit duration of a close-in planet around a Sun-like star could change 

by a fraction of a second per year. This magnitude of variation is larger than that 
^ ' caused by other studied effects (owing to proper motion or general-relativistic ef- 

fects), and should be included in the analysis of constraints on multi-planet systems 
^\i \ from transit timing. A temporal correlation between the transit duration and spec- 

K*" \ troscopic measures of stellar activity can be used to separate the stellar radius 

change from other effects. The magnetic activity effect could be significantly larger 
QQ , for late-type stars, such as M-dwarfs, which are more variable than the Sun. In 

^D \ general, precision transit measurements provide a new tool for measuring long-term 

f^^- ' variations of stellar radii. 

o 

O ■ K^y words: Stars: planetary systems. Sun: general; 

PACS: 96.60.Bn; 97.82.Fs. 



1 Introduction 



Recently, it has been suggested that precise measurements of transit timing 
variations can reveal the existence of additional planets in known planetary 
systems (Miralda-Escude 2002; Agol et al. 2005; Holman & Murray 2005; 
Heyl & Gladman 2006). Related observations are already placing interesting 
constraints on planetary companions (Steffen & Agol 2005; Agol & Steffen 
2005; Ribas et al. 2008; Miller- Ricci et al. 2008a), despite the intrinsic noise 
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introduced by stellar activity (Miller- Ricci et al. 2008b). Space missions, such 
as MOSTlJ, COROTLH and KepleiLH, are capable of detecting timing variations 
over their lifetime at a sensitivity better than a second per year (Pal & Kocsis 
2008; Jordan & Bakos 2008; Rafikov 2008). 

Aside from the dynamical interaction of the transiting planet or parent star 
with another object, it was recognized that general relativistic effects (Pal & 
Kocsis 2008; Jordan & Bakos 2008) as well as the proper motion of the system 
(Rafikov 2008), would introduce variations in the transit timing and duration 
at levels smaller than a second per year. Here, we point out that the magnetic 
activity cycle of the host star may cause long-term variations in the stellar 
radius on timescales of years that could make an even larger contribution to 
the observed transit duration variations. In §2 we calibrate the magnitude 
of this effect based on existing data for the Sun. Finally, in §3 we comment 
on the implications of future transit measurements of these magnetic activity 
variations in other stars. 



2 Method 



The transit duration of a planet on a circular orbit of radius a around a star 
of mass M^ and radius i?^ is given by. 



{GM,/ay/^ ' 



where p is the minimum separation between the planetary trajectory and the 
stellar disk center on the sky, in units of R^,. The fractional change in the 
transit duration timing (TDV) owing to a small fractional variation in the 
stellar radiuo, A^^^, is given for A/j^ <^ [(1 — p'^)/2p'^] by 



Attran — A/j^ttran — I 1 

xl.49s(^)fi£l| 1^)1^^) , (2) 
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A change in the image shape of the parent star could change the transit timing 
in a more complicated way. Limits on fractional variations in the oblateness of the 
Sun during the solar cycle are at the level of ~ 10~^ (Kuhn et al. 1998). 



where A/j^ = (Ai?^/i?^). For A/?^ > [(1 — p^)/2p^], the transit duration 
could either diminish as the stellar image shrinks or increase by Attran = 
[2p^A^^/(l — p^)Y^'^tt^s,^ as the image grows, but we regard this grazing- 
incidence regime as rare and unlikely. 

The solar magnetic activity cycle is known to cause fractional changes of 
~ 0.1% in the distribution of the near-UV, visible, and near-IR brightness of 
the Sun relative to the ecliptic plane between solar minimum and maximum 
(Frohlich 2006; Foukal & Bernasconi 2008). At solar maximum, cold spots 
cover a larger fraction of the surface area of the Sun, but the surface brightness 
in between the spots increases due to energy deposition by magnetic activity. 
Helioseismological data implies variations in the rotational kinetic energy at 
a fractional level of ~ 0.2% (Antia, Chitre, & Gough 2008), as well as in 
the sound speed at the base of the convective zone at a fractional level of 
(AcVc^) ~ 0.7 X 10"^ (Baldner & Basu 2008), over the solar cycle. The 
associated change in the pressure supporting the gas would inevitably produce 
a variation in the physical radius of the star. In the context of TDV, we are 
interested in the variation of the apparent size of the photospheric stellar disk 
on the sky, where the optical depth to emergent radiation is of order unity. 

State-of-the-art studies of the solar radius place an upper limit A/j^ < 2 x 10^^ 
on its fractional variation over periods of decades (Djafer, Thuillier, & Sofia 
2008; Lefebvre et al. 2006; Kuhn et al. 2004). Reports on the detection of 
a variable solar radius have been controversial (e.g., Noel 2004, Lefebvre & 
Kosovichev 2005). Helioseismological data implies a ~ 10~^ change in the 
sound speed at the base of the convective zone (Baldner & Basu 2008). How- 
ever, the fractional variation in the solar radius could be much smaller (see 
also Stothers 2006). Nevertheless, it is interesting to examine the sensitivity of 
future transit timing measurements to variations of A/j^ ~ 10~^ over the solar 
cycle. Substituting this (upper limit) value in equation ([2]) leads to a TDV at 
a level of ~ 0.3(a/0.lAU)^''^ seconds per year over a cycle of ~ 5.5 years in 
transits of close-in planets around Sun-like staro- Interestingly, these varia- 
tions are larger than other effects which have been considered in the literature 
as detectable (Pal & Kocsis 2008; Jordan & Bakos 2008; Rafikov 2008), and 
so we conclude that a search for TDV would provide interesting new limits on 
stellar radius variations that are competitive with state-of-the-art measure- 
ments for the Sun. A generic signature of the TDV induced by a circularly 
symmetric variation in stellar radius is that the timing of the transit center 
remains unchanged as the transit duration changes. 



^ Shorter-term variations with a higher amplitude (flares) introduce noise for TDV 
in all stellar types. 



3 Discussion 



Precision timing of planetary transits offers a new tool for measuring long-term 
variations in stellar radii. Such measurements would provide unprecedented 
constraints on the surface conditions during the magnetic activity cycles of 
stars at levels that are not accessible for the Sun. In difference from rare 
transits within the solar system, the short orbital period of close-in planets 
around other stars and the use of the cumulative flux from the stellar disk offer 
improved prospects for averaging over fluctuations in the stellar limb (owing 
to surface spots or other phenomena). 

The magnetic activity origin of the TDV can be revealed through its temporal 
cross-correlation with stellar brightness variations (in analogy to the Sun; see 
Frolich 2006) and with spectral indicators such as the Ca K line (Baliunas 
2006). A temporal correlation of this type can, for example, help to distinguish 
between the effect of a stellar radius change and a change in the inclination of 
the planet's orbit. In general, the magnetic cycle effect should be kept in mind 
when inferring dynamical constraints on multi-planet systems or on proper 
motion from transit timing. 

We emphasize that the TDV induced by magnetic activity could be signifi- 
cantly larger for late-type stars, such as M-dwarfs, which are more variable 
than the Sun (Schmidt et al. 2007; Lane et al. 2007; Rockenfeller et al.2006). 
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